ABSTRACT: The bacterial 16S rRNA gene diversity of waterborne bacterial (WBB) communities was assessed using PCR/denaturing gradient gel electrophoresis (DGGE) techniques, along with sequence analysis of selected bands. 16S rRNA gene diversity varied between seasons, and significant differences were recorded between night and day. However, there were no significant differences detected between low, ebb, flood and high tides when the water body sampled would have originated from completely different areas including those off-reef. These results suggest that changes in productivity and/or vertical diurnal migrations of plankton may have greater effects than large-scale water movements effected by tidal flows. These results do not demonstrate a strong link between WBB communities and their underlying benthos. This either suggests a lack of coupling between the benthos and the water column (benthic-pelagic coupling) or that the processes are extremely rapid and efficient with strong mixing. Previous studies at this site have shown cycling between coral reef and lagoon sediments via coral mucus release and tidal transport, supporting the latter. We found a strong seasonality in the abundance and composition of WBB communities, with Alphaproteobacteria being more prevalent during winter and Gammaproteobacteria during summer, but quantitative PCR (qPCR) showed no significant differences in vibrios between seasons.
INTRODUCTION
Waterborne bacteria (WBB) in coral reef systems are very numerous and diverse, and their productivity is high compared to open oceanic waters (Sorokin , 1974 . Periodic influx of open water masses into coral reef lagoons is a process known to affect key ecological processes such as transport of nutrients ), delivery of dissolved and particulate organic matter (Crossland et al. 1984 ) and primary productivity (Moses et al. 2009 ); therefore, this influx should influence the dynamics of WBB communities. This hydrodynamic process is complex, being extremely variable in space and time, depending on depth, reef topography, position, the lunar cycle and time of the day, among other factors. However, culture and non-culture (molecular) approaches to assessing WBB communities in coral reef ecosystems, encompassing different spatial and temporal scales, are limited, with only a few localised studies looking at changes associated with tidal cycles or seasonal change (Moriarty et al. 1985 , Torreton & Dufour 1996 , Guppy & Bythell 2006 .
Coral reefs such as those studied here may release ca. 1.7 l of mucus m -2 d -1 into the water column (Wild et al. 2004 ). More than half (56 to 80%) of the released carbon is dissolved directly into the water column, providing a food source for planktonic bacteria (Wild et al. 2004) . The less soluble fraction (20 to 44%) forms mucus strands that detach from the coral branches, passing upwards through the water column and subsequently aggregating and accumulating at the surface. These are concentrated by currents and winds to form large (2 to 10 m) 'mucus mats', trapping larger particles present within the water column. Continuous compaction and accumulation of re-suspended particles gradually decrease the buoyancy of these mats, and coupled with water movements of incoming tides, concentrate them towards the lagoon. Rapid sinking occurs at distances of over 150 m from the reef crest. The microbial communities of lagoon sands degrade this organic matter in the upper sediment layers through a natural filter system brought about by wave action and tide-induced differences in water level (Wild et al. 2004 ). Thus, under such 'benthic-pelagic coupling' (Wild et al. 2004) , strong spatial differences in WBB would be expected between different water masses (reef crest, reef flat, lagoon water and off-reef water). Added to this, seasonal changes in waves, currents and organic matter deposition as well as benthic activities are thought to cause spatial and temporal variation in sediment -water exchange processes, affecting sedimentary organic carbon decomposition and O 2 fluxes ). These environmental changes in turn may also produce shifts in the WBB communities, mucus mats and sediment types over time and across sites.
Despite increasing interest in benthic-pelagic coupling in coral reefs (Wild et al. 2004 ), baseline studies examining the spatial and temporal changes of bacteria within the water column and in particular its relation to the potential supply of bacteria to the coral's mucus are limited (Sunagawa et al. 2010) . Previous attempts to compare the WBB communities based on discrete sampling (e.g. bottles, Paul et al. 1986 ; Sterivex filtration, Somerville et al. 1989 ; and syringe membrane filters, Guppy & Bythell 2006) may not adequately address the highly variable spatial-temporal nature of these assemblages, which may underestimate the long-term delivery of microorganisms to a coral. Thus, this study aimed to provide a comprehensive measure of the bacterial diversity in the water column through space and time, by continually sampling over 1 h periods using a pump sampler. This enabled the inlet to be precisely positioned for greater accuracy and flow rates to be controlled to approximate natural delivery rates at environmentally relevant flow speeds (matched by the pump when in the field at the time of sample collection). In this study, we tested whether the composition of bacterial 16S rRNA gene diversity changed in relation to the influence of off-reef, open water masses and their relative position in the reef tract (i.e. lagoon, reef flat and reef front) and whether the structure of bacterial communities changed at different temporal scales (from diurnal variations and tidal cycles to seasonal shifts in diversity).
MATERIALS AND METHODS
Study area. The study was conducted at Heron Island, Great Barrier Reef (GBR), Australia ( A total of 5 sites (A-E) were assessed at high tide to estimate spatial variability in WBB communities. Tidal, diurnal and seasonal variability was evaluated at a single site (A) located on the reef flat (Fig. 1) . These sites were chosen as they were expected to show variation in their bacterial diversity due to differences in the benthos and known oceanographic patterns around the island. For consistency, no spatial samples were taken when wind speeds were above 5 m s -1 (10 knots). Sites A, B, D and E were located in reef areas where delivery of water masses was from off-reef areas; thus, at the time of collection (high tide), all of these sites had received a strong influence of open waters (water depths > 30 m), with currents flowing southwards. At flow speeds previously recorded on the reef flat of approximately 0.3 m s -1 (Gourlay & Hacker 2008) , this would mean that the water masses would have originated approximately 6 km offshore to the north during the previous low tide. Site A and, to a lesser extent, B would also have been influenced by strong mixing during passage of the water body over the shallow reef crest to the northwest within the last tidal cycle. Site C was located in the predominantly sandy lagoon system, where weaker currents and ponding (Ludington 1979) would mean that (Fig. 1) . Sample collection. Spatial variation: Spatial samples for both diversity and abundance were taken using discrete sterile 1 l bottles, 5 cm above a colony of Acropora formosa. All samples were taken during both summer (March 2009) and winter (August 2008) within 1 h before high tide, over 2 consecutive days at a constant depth of 8 m (except for the lagoon and reef flat, where maximum depths were 2 m). This ensured that the water masses being sampled were representative of different environments.
Temporal and diurnal variation: Samples to assess temporal changes in bacterial diversity were collected from Site A (Fig. 1 ) using a peristaltic pump (Masterflex E/S, Cole-Parmer) with internal battery source and polytetrafluoroethylene (PTFE) tubing. The tubing allowed positioning of the inflow to be accurate and permanently in place, anchored directly next to a colony of Acropora formosa, therefore giving an accurate representation of the WBB that a coral would be exposed to over the sampling period. All apparatus was placed within a tin boat anchored permanently offshore, allowing easy access day or night. This set-up enabled 1 l of water surrounding the corals to be directly and continuously sampled onto 0.22 µm Sterivex filters. The sampling system filtered water continuously for a period of 1 h. Samples were collected every 2 h within a 24 h period. This sampling regime was duplicated within a period of 14 d and repeated over 2 yr, encompassing both summer and winter seasons. The sampling was timed to encompass 30 min on either side of high, mid-and low tides. In this way, both diurnal and tidal (high, low, ebb and flood) effects on bacterial abundance and diversity could be assessed along with seasonal effects. Bacterial communities were simultaneously sampled using discrete bottle samples and the pump sampler for method comparison.
Samples for analysis of bacterial abundances were collected with discrete bottles, similar to that of the spatial samples and at the same time as the temporal, diurnal and tidal samples on the fore reef; from this initial 1 l sample, a volume of 15 ml was vacuum-filtered through a 0.22 µm black polycarbonate filter immediately after collection and fixed with 100 µl of 4% PBS buffered paraformaldehyde solution until analysis (Fuhrman et al. 2008) . In total, 3 replicates were taken at every sample period both for bacterial diversity and abundance regardless of the method. Hobo ® (Onset Computer Corporation) temperature data loggers were deployed to record the temperature fluctuation at all sites.
Total bacterial abundance. To estimate bacterial abundances, each sample was stained with 100 µl of 4% PBS buffered paraformaldehyde solution containing 4'6-diamidino-2-phenylindole (final concentration 5 µg ml -1 ) for 10 min, rinsed with filtered 1 × PBS pH 7.4 (Yu et al. 1995 , Weinbauer et al. 1998 , Yamaguchi et al. 2007 ) and viewed under epifluorescence microscopy. Counts on 50 fields of view were taken, scaled up to the total area of the filter and calculated to give total bacterial abundance ml -1 of sea water filtered. An average of the 3 replicates was taken and used in further analysis.
Bacterial diversity, DNA extraction, amplification and denaturing gradient gel electrophoresis (DGGE) analysis. DNA was extracted from the filters using QIAGEN DNeasy Blood and Tissue kits with an added step to concentrate the lysate using vacuum centrifugation for 2 h at 20°C. Bacterial 16S rRNA was amplified using standard prokaryotic 357F (5´-CCT ACG GGA GGC AGC AG-3´) and 518R (5'-ATT ACC GCG GCT GCT GG-3') primers. These primers were chosen over more traditional ones as they have been recently shown (Sanchez et al. 2007 ) to more comprehensively amplify marine bacteria compared to inadequacies and mismatches caused by those such as 907r (pC) (Muyzer et al. 1993 , Guppy & Bythell 2006 , Sanchez et al. 2007 ). The GC-rich sequence 5'-CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA GCA CGG GGG G-3' was incorporated in the forward primer 357 at its 5' end to prevent complete disassociation of the DNA fragments during DGGE. Thirty PCR cycles were performed at 94°C for 30 s, 53°C for 30 s and 72°C for 1 min and a final extension at 72°C for 10 min (Sanchez et al. 2007) . A 30 µl PCR reaction was used containing 1.5 mM MgCl 2 , 0.2 mM dNTP (PROMEGA), bovine serum albumin (BSA, 400 ng µl -1 ), 0.5 mM of each primer, 2.5 U of Taq DNA polymerase (QBiogene), incubation buffer, and 20 ng of template DNA (Siboni et al. 2007 ). All reactions were performed using a Hybaid PCR Express thermal cycler. PCR products were verified by agarose gel electrophoresis (1.6% [w/v] agarose) with ethidium bromide staining and visualised using a UV transilluminator.
DGGE was performed using the D-Code universal mutation detection system (Bio-Rad). PCR products were resolved on 10% (w/v) polyacrylamide gels that contained a 30 to 60% denaturant gradient for 13 h at 60°C and a constant voltage of 50 V. Gels were stained with a concentrated solution of 9 µl SYBR ® Gold (Sigma) in 50 µl of 1 × TAE poured directly onto the gel surface, covered and left in the dark for 20 min then further washed in 500 ml 1 × TAE for 30 min and visualised using a UV transilluminator. Bands of interest (those which explained the greatest differences/similarities between samples) were excised from DGGE gels, left overnight in Sigma molecular grade water, vacuum centrifuged, re-amplified with primers 357F and 518R, labelled using a Big Dye (Applied Biosys-tems) transformation sequence kit and sent to Genevision (University of Newcastle) for sequencing. Bacterial operational taxonomic units (OTUs; Guppy & Bythell 2006) were defined from DGGE band-matching analysis using BioNumerics 3.5 (Applied Maths BVBA). Standard internal marker lanes were used to allow for gel-to-gel comparisons. Tolerance and optimisation for band-matching was set at 1%.
Real-time PCR (qPCR) was conducted on an Engine Opticon ® 2 system in order to test whether Vibrio spp. abundance changed between seasons. For this, Vibriospecific primers 567F (5'-GGC GTA AAG CGC ATG CAG GT-3') and 680R (5'-GAA ATT CTA CCC CCC TCT ACAG-3') (Thompson et al. 2004 ) were used on 10 randomly chosen samples from both the summer and winter seasons. This primer pair has previously been shown to be highly targeted towards vibrios, matching 42 out of 43 sequences of Vibrio-type strains in the Ribosomal Database Project (RDP) database (Thompson et al. 2004 ). Real-time PCR reaction mixtures totalled 25 µl and consisted of 12.5 µl of 2 × Quantitect ® SYBR ® Green 1 supermix (Qiagen), 1.25 µl each of 0.5 mM forward and reverse primers, 50 ng DNA and 9.5 µl Sigma molecular grade water. Each set of samples included a negative control, in which water was substituted for the DNA sample. Real-time PCR was performed with an initial activation step of 15 min at 95°C, followed by 39 cycles (94°C for 15 s, 58°C for 30 s, primer annealing at 58°C for 30 s). The fluorescent product was detected after each extension. Following amplification, melting temperature analysis of PCR products was performed to determine the specificity of the PCR. The melting curves were obtained by slow heating at 0.5°C s -1 increments from 50 to 90°C, with continuous fluorescence recording.
Statistical analysis. For bacterial counts, an automatic cell counter (Cell C) was used (Selinummi et al. 2005) . The parameters were set to exclude any objects smaller than 0.0314 µm 2 and anything larger than 0.7 µm 2 . The abundance of bacteria was compared across sites and between seasons, time of day and tidal state with a 1-way and a 3-way analysis of variance (ANOVA), respectively. Data were normally distributed and variances were equal. In order to assess spatial and temporal changes in bacterial assemblages, matrices consisting of OTUs and samples were generated using both presence/absence and band intensity data, using marker lanes for between-gel comparisons. Spatial changes in WBB assemblages were evaluated with a 1-way analysis of similarity (ANOSIM, Primer) and multidimensional scaling (MDS), based on BrayCurtis similarities, which was performed on both summer and winter data sets. Methods of collection (those sampled only during August 2008) were compared by a 1-way ANOSIM (Primer).
For temporal comparisons, a 3-way multivariate permutation ANOVA (PERMANOVA; Primer) based on Bray-Curtis distance (Anderson 2001 ) was used in order to test for temporal changes in bacterial assemblages (Factor 1: season, fixed with 2 levels = summer and winter; Factor 2: tide, fixed with 4 levels = high, low, flow and ebb; Factor 3: diurnal, fixed with 2 levels = night and day). A non-metric MDS analysis was used to visualise the temporal patterns in bacterial communities, and an analysis of the contribution of variables to similarity (SIMPER, Primer) was conducted to determine the OTU that best explained spatial differences only when spatial and temporal differences were found (Clarke & Warwick 2001) . Temperature was compared across seasons, diurnal and tidal cycles by a 3-way ANOVA. Effects and relative importance of individual constrained factors (diurnal cycle, tide and temperature within season) were assessed separately after removing the variance due to season using a unimodal partial correspondence analysis (pCCA; using R).
Real-time PCR calculations were based on relative DNA concentration (ΔC[t]) of vibrios based on lowest detected concentration (C[t] ). Fold differences in Vibrio DNA template were calculated assuming 2-fold PCR reaction efficiency (2 ΔC(t) ). One-way ANOVA (minitab) was used to compare between seasons.
RESULTS

Spatial and temporal patterns in WBB abundances
There was no significant difference in bacterial abundances between sites within both summer (8 ± 1 × 10 6 cells ml -1 recorded across all sites) and winter (1.55 ± 1 × 10 6 cells ml -1
), which suggests that the influx of surrounding off-reef waters had little effect on total bacterial abundance at our sites (Fig. 2a) . However, bacterial abundances showed a strong seasonal pattern (ANOVA F = 23.02, df = 1, p < 0.001), increasing by approximately 3-fold during summer on the reef flat. Although there appeared to be a greater mean abundance during low tides compared to high tides and an apparent diurnal trend, where abundance increased from morning to afternoon within the summer season (Fig. 2b) , this was not significant (ANOVA F = 1.29, df = 3, p = 0.293).
Spatial and temporal patterns in WBB diversity
WBB diversity was significantly different between both seasons and time of day (PERMANOVA, F = 5.40, p = 0.001 for seasons; F = 2.34, p < 0.002 for diurnal) but not for tide (PERMANOVA, F = 1.26, p = 0.063). Bacterial diversity also showed significant interaction between season and diurnal cycles (PERMANOVA, F = 1.96, df = 1, p = 0.005) but non-significant interaction between season and tidal cycles (Table 1, Fig. 3a) . Between factors, season alone explained 14% of the variance whilst the significant interaction between time of day, tide and season explained a further 10.5% (Table 1) . Over 40% of the total variance was explained by differences among replicates, which highlights the variable nature of WBB communities; pCCA with permutations stratified within seasons showed the percent variance of each factor with diurnal cycle effects being highly significant (F = 2.05, p < 0.01), whilst both temperature (within each season) and tide were not significant (F < 1.1, p > 0.26). Average BrayCurtis similarity between summer and winter was 15%, with different ribotypes from Alpha-and Gammaproteobacteria (Fig. 3b-d) , Flavobacteria (Fig. 3e) and Bacteroidetes related ribotypes (Fig. 3f) explaining 38.5% of the dissimilarity (Table 2) . Interestingly, differences in the bacterial community between night and day were more pronounced during winter compared to summer (Fig. 4) . Since tides had no effect, this indicates that seasonality apparently has a greater effect on the composition of WBB communities than the benthic community that the water body has passed over, which in turn would be dependent on the state of the tide.
Significant interactions with temperature were found between seasons and the diurnal cycle (ANOVA, F = 6.2, df = 1, 101 p = 0.01) and between seasons and the tidal cycle (ANOVA, F = 4.43, df = 2, 101 p = 0.01) (Fig. 5) . This observation suggests that the effect of temperature is tied to the effects seen in diurnal and tidal patterns of WBB. Therefore, it is difficult to separate the effects of temperature alone as a potential environmental driver for WBB dynamics (Pommier et al. 2007 , Fuhrman et al. 2008 , and this was supported by the pCCA result, whereby the effect of temperature within seasons was not significant. However, the factors controlling the presence or absence of particular ribotypes (Alpha-and Gammaproteobacteria, Flavobacteria and Bacteroidetes related sequences) within summer and winter seasons deserves further investigation (Table 2 , Fig. 3b,f) . Real-time PCR showed no significant differences between total Vibrio DNA in summer and winter samples (ANOVA F = 0.58, p = 0.457). However, the mean was 1-fold higher in summer compared to winter (Fig. 6) .
The composition of WBB communities varied across sites during both winter (ANOSIM, R = 0.48, p = 0.001) and summer (ANOSIM, R = 0.57, p = 0.001). However, pairwise comparisons showed significant differences only between the reef flat and the other sites both during winter (ANOSIM, p < 0.001) and summer (ANOSIM, p < 0.003), whilst other reef sites were not significantly different from each other (winter ANOSIM, p > 0.54 and summer ANOSIM, p > 0.1). Similarity of WBB between sites (based on BrayCurtis similarity) was 46% for winter samples and 47% for summer. Lagoon, off-reef and mixed (reef) sites had similar bacterial communities during the winter (Fig. 7a) and summer (Fig. 8a) showing no specific patterns of ordination or clustering except for that at the reef flat (Figs. 7b & 8b) . The uniform lack of differences in the composition of WBB communities across sites with different levels of exposure to off-reef waters further supports the lack of tidal affects and indicates no significant association between the benthic and WBB communities. This is further supported, as the patterns were repeated in both seasons.
No significant differences were found between discrete bottle and continuous (1 h) pump sampling (ANOSIM, R = 0.07, p = 0.5), indicating that discrete bottle sampling provides a representative sample of bacterial assemblages found within the larger water mass at any given time period. Table 2 . Closest match (GenBank ID) and identification of bacterial taxa from the water column sequenced from denaturing gradient gel electrophoresis (DGGE) bands. Out of a total 143 operational taxonomic units (OTUs), 51 are represented in this table, which account for 70% of the variance between the 2 seasons (summer and winter). Relative abundance measurements are based on BioNumerics presence/absence and band intensity
DISCUSSION
Benthic marine communities are physically exposed to, and presumably influenced by, the delivery of bacteria present in the overlying water column. On coral reefs, coral surface mucus layers and seawater have been shown to share certain bacterial species (Ritchie 2006 , Sunagawa et al. 2010 . Conversely, Wild et al. (2004) have shown a significant supply of coral-derived mucus and its associated bacterial communities to the water column (Wild et al. 2004 ). At Heron Island, Wild et al. (2004) showed that up to ca. 1.7 l m -2 d -1 of mucus is released from the reef into the water column and biodegraded in lagoon sediments. Thus, there is likely to be significant bidirectional exchange between the coral reef benthos and the water column. However, in this study, we found no evidence that the WBB communities differed depending on the underlying benthos. In fact, with the exception of a reef flat site, WBB communities ap- ), shown as fold differences based on lowest concentrations detected within the samples (n = 20). Error bars represent SE from collective mean peared homogeneous between sites, despite the fact that the water bodies sampled would have originated from very different environments, including lagoonal, reef and off-reef open water areas. Previous studies have shown significant differences in WBB across sites (Moriarty et al. 1985 , Seymour et al. 2005 , Guppy & Bythell 2006 , Ritchie 2006 . However, few studies have controlled for tide height, season and time of day when assessing spatial differences in the reef tract. Lack of differences in bacterial abundances and diversity between sites could in part be explained by the spatial scale chosen in this study. While temporal samples showed some short-term (hours) variability, spatial patterns were determined from samples separated by 100s of metres to kilometres within the Heron Island reef system. Thus, it is possible that spatial variation in bacterial communities may be greater at smaller (<1 m) spatial scales (van Duyl & Gast 2001 , Seymour et al. 2005 and that this smaller-scale variation masked any larger-scale variation. If the benthic-pelagic coupling described by Wild et al. (2004) was a slow process, one would have expected significant differences in both numbers and diversity between sites, especially those sites where the water mass was from reef flats and the lagoon compared to water originating from off-reef in more open water. As pairwise tests showed no significant difference between sites (except for that of the reef flat), we suggest that the benthic-pelagic coupling occurring at Heron Island is a rapid process with large-scale, efficient mixing of the water column and the benthic coral system.
As has been shown in a number of studies (Kent et al. 2004 , Pommier et al. 2007 , Fuhrman et al. 2008 , Shade et al. 2008 , the main factor affecting bacterial abundances and 16S rRNA gene diversity is season. In these studies, temperature was shown to be the main factor affecting bacterial species richness. Fuhrman et al. (2008) showed a consistent latitudinal pattern in seasonality, which was annually repeatable and highly predictable from a variety of environmental parameters. Whilst Fuhrman et al. (2008) showed no correlation between WBB dynamics and productivity, WBB could also be affected by other seasonal environmental drivers (e.g. nutrients, irradiance, precipitation). In our study, we found that bacterial abundance was 4 to 5 times greater in summer than winter, suggesting that bacterial productivity is higher in summer, most likely due to temperature differences (Moriarty et al. 1985) . Shade et al. (2008) also found that temporal variation of bacterial diversity and abundance within fresh-water habitats was more pronounced than spatial variation, but they attributed their temporal differences to interactions and changes within phytoplankton communities. During winter, ribotypes from the Alphaproteobacteria dominated WBB communities. Ribotypes associated with this group have been consistently found associated with healthy coral tissues (Ritchie & Smith 2002) . During summer months, ribotypes from the Gammaproteobacteria were present in higher abundances but were either completely absent or rare in the winter samples. Optimal growth temperatures for both Gamma-and Alphaproteobacteria range from 20 to 40°C (Brettar et al. 2002 , Santos et al. 2003 , Kurahashi & Yokota 2007 , Anderson et al. 2009 ). However, these variations in temperature are largely species specific, not group specific, so growth rates of specific groups would not explain these result alone. Real-time PCR showed that the abundance of Vibrio (a genus known to contain potential coral pathogens; Kushmaro et al. 2001 , Ben-Haim et al. 2003 , Rosenberg & Falkovitiz 2004 did not vary significantly between seasons, although the mean was a fold higher in summer than winter. These results together indicate that potentially pathogenic bacteria may increase in abundance during warmer months, and therefore opportunistic infections may become more frequent and explain at least some of the concomitant increase in disease prevalence in summer , although future work is needed to confirm these patterns.
Despite the strong tidal flows on Heron Island and therefore large-scale interactions with reef, lagoonal and open water environments, there was no significant effect of tide state on WBB abundance or 16S rRNA gene diversity. Significant diurnal variation was observed, however, and differences in bacterial abundance between night and day were stronger during the winter than in the summer. The greater variation seen during diurnal rather than tidal cycles on this reef system supports a previous study (Moriarty et al. 1985) , which linked bacterial growth to the daily mucus release on the reef flats, which normally occurs between noon and 16:00 h regardless of the tide (Crossland et al. 1980 , Torreton & Dufour 1996 . Other possible explanations for the diurnal dynamics of WBB communities include overall productivity and/or the interaction between diurnal zooplankton migrations between the benthos and the water column (Heidelberg et al. 2010) , given that these zooplankton will have their own microbiota associated with them directly and may alter bacterial production due to excretion and secretion.
The continuous sampling method and large sample size used in this study was investigated to determine whether it would provide a more accurate characterisation of bacterial communities within the water column. We conclude that although discrete sampling is adequate to represent the WBB communities, the use of pump sampling is a more repeatable method, and a larger sample size can be taken at any given time. In addition, human errors and potential contamination during collection and handling of samples that may be incurred during bottle sampling can be reduced with this continuous in situ method. 
